Low coherence backscattering (LCBS) is a proposed diagnostic technique for measuring plasma turbulence and fluctuations. LCBS is an adaptation of optical coherence tomography, a biomedical imaging technique. Calculations and simulations show LCBS measurements can achieve centimeter-scale spatial resolution using low coherence microwave radiation. LCBS measurements exhibit several advantages over standard plasma turbulence measurement techniques including immunity to spurious reflections and measurement access in hollow density profiles. Also, LCBS is scalable for 1-D profile measurements and 2-D turbulence imaging. 
Low coherence backscattering (LCBS) is a proposed diagnostic technique for measuring plasma turbulence and fluctuations. LCBS is an adaptation of optical coherence tomography, a biomedical imaging technique. Calculations and simulations show LCBS measurements can achieve centimeter-scale spatial resolution using low coherence microwave radiation. LCBS measurements exhibit several advantages over standard plasma turbulence measurement techniques including immunity to spurious reflections and measurement access in hollow density profiles. Also, LCBS is scalable for 1-D profile measurements and 2-D turbulence imaging. Standard plasma turbulence diagnostics such as interferometry, reflectometry, and collective scattering employ coherent microwave sources and detectors. 1, 2 This letter describes low coherence backscattering (LCBS), a plasma turbulence measurement technique using low coherence microwave sources and broadband detectors. Low coherence sources in the millimeter-wave or far infrared range with bandwidths Df & 20 GHz can measure plasma fluctuations with centimeter-scale spatial resolution. Among the advantages of LCBS are immunity to spurious reflections and measurement access in hollow density profiles. Also, the LCBS technique is expandable for 1-D profile measurements and 2-D imaging.
LCBS is adapted from optical coherence tomography (OCT), a biomedical imaging technique that performs depth scans in tissue using low coherence visible and near-infrared light sources. [3] [4] [5] OCT instruments conceptually resemble a Michelson interferometer and achieve 5-30 lm axial (depth) resolution at depths of 1-10 mm for tissue and cellular imaging. OCT measurements typically employ broadband superluminescent diodes with k 0 % 700 À 1500 nm, Dk % 10 À 70 nm, and P % 5 À 50 mW. The 1/e correlation length of a broadband source is
where k is the center wavelength, Dk is the 1/e spectral width, Df is the 1/e frequency bandwidth, and c is the speed of light.
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Broadband microwave or far infrared sources can achieve the centimeter-scale resolution needed for LCBS measurements of plasma turbulence. As shown in Figure 1 LCBS measurements overcome several obstacles that limit standard plasma turbulence diagnostics. For instance, interferometry measurements are line-averaged, but LCBS measurements are localized along the probe beam. Probe beam spurious reflections compromise conventional scattering measurements, but LCBS measurements are immune to spurious reflections due to finite correlation length of the probe beam. Reflectometry measurements require complex wavefront modeling at the plasma cut-off layer, but LCBS measurements avoid wavefront and cut-off layer complications. Finally, hollow density profiles are inaccessible to reflectometry measurements, but not LCBS measurements.
The remainder of this letter contains a derivation of LCBS measurement principles and calculations that illustrate LCBS measurement capabilities. LCBS measurements are collective Thomson scattering 1, 7, 8 from broadband radiation in a backscattering geometry. 6 The plasma generates backscattered light along the entire probe beam in response to the incident broadband radiation. Only backscattered light with a path length equal to the reference beam path length is coherent with the reference beam. The square-law detector receives backscattered light from the entire probe beam, but the detector is selectively sensitive to backscattered light coherent with the reference beam. As will be shown, the detector output provides a localized density measurement with a location set by the reference signal path length.
Consider a low coherence probe beam with electric field Eðx; tÞ ¼ ÐẼ ðxÞe iðkxÀxtÞ dx=2p whereẼðxÞ is the complexvalued amplitude spectrum and k ¼ x=c is the vacuum dispersion. In the following derivation, assume x ) x p , where x p is the plasma frequency, so k % x=c remains valid for propagation in plasma. Assume the detector and beamsplitter are located at x ¼ 0 and the reference mirror is located a distance L from the beamsplitter. The reference signal arriving at the detector is E r ðL; tÞ ¼ Eð2L; tÞ ¼ ðẼ ðxÞe ixð2L=cÞ e Àixt dx 2p ;
E r ðL; xÞ ¼ẼðxÞe ixð2L=cÞ :
The plasma response to the probe beam generates the backscattered signal 
where r e is the classical electron radius, A is the probe beam cross-section area, n e is the plasma electron density, t 0 t À jx À x 0 j=c is the retarded time, and x min and x max are the plasma boundaries. Plasma density fluctuations are slow compared to probe beam oscillations and transit times, so let n e ðx 0 ; sÞ denote density profiles stationary on the timescales of t and t 0 . The backscattered signal arriving at the detector is 
The reference and backscattered signals combine at the detector. Consider a square-law detector with response time, T, faster then plasma fluctuation timescales. The net signal at the detector is E r ðtÞ þ E b ðtÞ, so the low frequency detector output is
where t is the average time of the detector response period.
hjE r j 2 i T and hjE b j 2 i T are dc signals, but the time-dependent signalṼ ðL; t Þ contains information about plasma fluctuations. Substituting Eqs. (3) and (8) 
Therefore, the combined reference and backscattered signals (Eqs. (3) and (8)) averaged over the response time of a square-law detector (Eqs. (9) and (11)) give a localized density measurement at a location set by the reference beam path length (Eq. (18)).
The single-point measurement described above can be generalized to 1 Figures 3(c) and 3(d) show the simulated density profile and LCBS reconstructions of the density profile. The LCBS measurements qualitatively capture profile variations, including hollow density features, down to the measurement spatial resolutions. As expected, the broader-band measurement (Df ¼ 40 GHz) captures more profile features and exhibits a smaller root-mean-square (RMS) error relative to the specified density profile.
LCBS is a proposed technique for measuring plasma turbulence and fluctuations. The technique is an adaptation of optical coherence tomography, a biomedical imaging technique. LCBS measurements exploit the finite correlation length of low coherence microwave radiation (Df & 20 GHz) to achieve centimeter-scale spatial localization (Figure 3 
